We demonstrate a simple and effective technique for stabilization of optomechanical oscillators. We show that using oscillation amplitude and laser detuning as the feedback and control parameters provide long term stability and reduce system complexity. 
Introduction
Since the observation of radiation pressure induced optomechanical oscillation in high-Q optical microresonators [1] , optomechanical oscillators (OMOs) based on various platforms are fabricated and their application in sensing and RF-over-fiber communication have been demonstrated [2, 3] . In almost all of these demonstrations, the stability of the oscillation has been limited by the intrinsic thermo-optical feedback [4] and the wavelength stability of the pump laser. While this relatively short term stability is sufficient for proof of concept demonstrations, for practical applications the oscillation has to be stabilized for a long period of time. Note that intrinsic thermal feedback is only effective at higher optical pump powers that also result in generation of higher harmonics in optomechanical oscillation spectrum [5] . When a pure single tone oscillation is needed, the low optical pump power results in a weak thermal feedback and the oscillation amplitude degrades rapidly. Previously the well-known techniques for locking the laser wavelength to the optical resonance such as Pound-Drever-Hal have been used to stabilize the optomechanical oscillator [6] . These techniques only lock the laser detuning from the cavity resonance (=  res - laser ) while the optomechanical oscillation amplitude can be also affected by the pump power, cavity-waveguide coupling strength and changes in mechanical resonant frequency that cannot be detected and compensated by only monitoring . Moreover, implementation of these techniques adds to the system complexity (due to requirement for optical phase modulation) and increases the optical power consumption.
We report here a new approach for stabilizing the oscillation amplitude (A osc ) of an OMO using A osc itself as the feedback parameter and laser detuning () as the control parameter. As optomechanical gain (G OM ) can be controlled by , a feedback loop can actively tune  to maintain the oscillation amplitude a fixed value. Fig.  1(a) shows the difference between the feedback used in the previous work and the proposed method. Fig. 1(b) shows the experimental configuration used for the proof of concept demonstration. While in this demonstration we have used silica microtoroid OMO [1, 5] , the outcomes are valid for all kinds of radiation pressure driven OMOs with different geometries and materials. The OMO is driven by a tunable laser through silica fiber taper and the output is fed to a photodetector. The detected RF oscillation is converted to a voltage using an RF power detector (a DC block is used to eliminate the DC voltage corresponding to CW optical power). This voltage, that is proportional to the detected RF power, is then fed to a PID controller (implemented using LabView) that controls the laser wavelength. As the required wavelength change (therefore PID parameters) to maintain the oscillation amplitude depends on the relation between oscillation amplitude and for each OMO, first we measured the relation between the pump wavelength detuning and RF output amplitude. For this initial measurement, that is done when the feedback is off, the power of the tunable pump laser is fixed and the wavelength is scanned across the optical resonance to measure the detected RF oscillation amplitude vs. wavelength detuning is recorded by the oscilloscope (inset in Fig.1(c) ). Fig. 1(c) shows the detected RF oscillation amplitude plotted against normalized wavelength detuning ( where 2 is the loaded linewidth of the cavity) at two levels of pump power (P pump ). For a given P pump the linear range within negative or positive slopes can be used to adjust oscillation amplitude by controlling  (in our experiment we use the negative slope). Using the selected slope the PID parameters are adjusted and by selecting a set point the oscillation amplitude (or power) can be locked to the desired value. The program calculates the error (deviation from the set point) and applies a correction voltage on the laser (the wavelength of the laser voltage tunable) according to the measured and selected A osc -slope. We have examined the performance of the proposed feedback loop using two microtoroidal OMOs. Fig. 2(a) shows the measured differential RF power (with respect to the target power selected by the PID set point) with and without feedback loop when P pump =1.2×P th . When the feedback is on (black trace) the RF output power is almost equal to the reference value (P Ref ) and therefore P~0. In the absence of feedback (where only intrinsic thermo-optical feedback maintains ), the RF power slowly deviates from the initial value (set by adjusting pump power, coupling and detuning) and eventually jumps to about 20 dB below the initial value (note that due to polarity of RF power detector the graph is inverted so moving up is equivalent to RF power reduction). So this simple feedback eliminates power variations and enables long term stability. Before the sudden power drop, the standard deviation of measured RF power in the unlocked case remains at least 6 times larger than the locked case for P pump > 2.1×P th . This indicates even if one can tolerate the nonlinear behavior resulting from large P pump , still the intrinsic thermo-optical feedback cannot reduce the power fluctuations. Fig 2(b) and (c) show the same measurement for another OMO when P pump =1.6×P th (b) and P pump =3.6×P th (c). Again even with larger P pump still the power variation is significant and after about 30 minutes the RF power suddenly drops. In conclusion we have demonstrated a simple method for stabilizing the amplitude of the optomechanical oscillation that only requires an RF power detector and PID controller. So without adding to the system cost and complexity the oscillation amplitude can be locked to a desired value even at low optical pump powers.
Experimental Setup and Results

